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(57) Abstract 




In a process for the p reduction of ethanol through continuous fermentation of a carbohydrate containing substrate which 
contains fermentable substance as well as non-fermentable soluble and solid substance, the substrate is hydrolyzed in a hydroly- 
sis step (2) and fermented in a fermentor (7) comprised in a continuous process circuit comprising the fermentor (7), a yeast se- 
paration step (13) and a distillation step (5). From the fermentor a stream (9) of fermentation liquor is continuously withdrawn, 
and is then separated into a stream (1 1) enriched in solid substance, which is discharged from said process circuit, and a stream 
(12) impoverished in solid substance, which is fed to said yeast separation step (13). From the yeast separation step a yeast con- 
centrate stream (14) is recirculated to the fermentor and the yeast-free stream i sent to the distillation step.(5), wherein ethanol is 
distilled off and a remaining stillage stream (17) is obtained, part of which is continuously recirculated to the fermentor or to the 
hydrolysis step (2). 
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A process for the production of ethanol 

The present invention relates to a process for the pro- 
duction of ethanol by continuous fermentation of a car- 
5 bohydrate containing substrate, of a raw material, which 
except fermentable carbohydrates also contains cellu- 
lose fibres and/or other non-fermentable solid materi- 
al. More specifically the invention relates to a furth- 
er development of applicant's preceding patented pro- 
10 . cesses for continuous ethanol fermentation at prefer- 
ably atmosphere pressure in a fermentor with continu- 
ous yeas-t recirculation and continuous stillage recir- 
culation. 

15 The Swedish patent application 7801133-5 discloses a 
method for continuous ethanol fermentation at prefer- 
ably atmospheric pressure with continuous yeast recir- 
culation and continuous stillage recirculation. The 
most important advantages with this method are the 
20 possibilities to ferment a substrate that is very con- 
centrated in fermentable substance, the addition -of 
minimum amount of water to the process, thereby mini- 
mizing the power requirement for distillative separa- 
tion of the ethanol, and the production of a stillage 
of such a high concentration that, the stillage, pre- 
viously constituting a waste disposal problem, now 
offering an essential positive contribution to the to- 
tai process economy, for example as a raw material for 
animal feed stuff of high quality. Since the discharge 
of a concentrated stillage and a minimum water input 
according to this process is bound to recirculating to 
the fermentor large amounts of stillage of the same 
concentration as the discharged stillage and the estab- 
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lishing of a high equilibrium concentration of non- 
fermentable substance in the fermentor, the success of 
the method can largely be derived to the surprising 
discovery that conventional yeast species were adapt- 
5 able to* give sufficient ethanol productivity despite 
the high concentration of salts and other dissolved 
non-fermentable material in the ferment or. 

According to the Swedish patent application 7901738-0 

10 the distillation step in the continuous ethanol pro- 
cess was modified so that the discharge of a further 
concentrated stillage was made possible. The distilla- 
tion step for separating ethanol from the yeast-free 
liquor was divided into an evaporator section and a 

15 stripping section, the stillage stream recirculated 
in the process was discharged from the bottom of the 
evaporator section, that is from an intermediate dis- 
tillation level in the distillation step, while the 
stillage to be discharged was withdrawn from the bot— 

20 torn of the stripping section. Among process improve- 
ments obtained through this modification, the most im- 
portant advantage is that the concentrated stillage 
stream can be discharged from the distillation step 
simultaneously as there is obtained through recircula- 

25 tion of a stillage stream of lower dry substance con- 
tent than the discharged stillage stream a lower equi- 
librium level as to the concentration of non-fermen- 
table substance in the fermentor compared with the 
above said original process at the same process water 

30 input. 



35 



Ethanol can be produced from several different raw ma- 
terials of vegetabilic origin, which .either contains 
directly fermentable sugars or polysaccarides which 
through enzymatic degradation or other degradation 
procedures can be converted to fermentable sugar. In 
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addition to fermentable substance and soluble non-fer- 
mentable substance, these raw materials contain various 
amounts of non-fermentable solid constituents like fib- 
res, shells, lignin etc. At hydrolysis- and fermentation 
5 of starch raw material such as grain, these solid sub- 
stances occur in such an amount that they would cause 
clogging problems in the continuous fermentation cir- 
cuit, for example clogging of the nozzle openings of 
the nozzle centrifuges suitably employed for the yeast- 
separation. Besides, the viscosity of the concentrated 
stillage streams is negatively effected and may limit 
the possibility to reach maximum dry substance content 
in the discharged stillage. 

According to a previous Swedish patent application 
7811826-2 this problem is solved by removing the fib- 
res and other solid material directly from the raw 
material, stream by straining and washing out remaining 
fermentable material from the solids by means of recir- 
culated stillage. A disadvantage of this process, how- 
ever, is that despite the use of a counter-current 
multl step washing requiring a relatively costly equip- 
ment, a complete recovery of the remaining fermentable 
substance from the solid material is not obtained. 

According to the present invention there is suggested 
♦a process, which is characterized in that the solid 
material is fed to the fermentor together with a sub- 
strate and that the solid material is separated from 
the stream of fermentation liquor withdrawn from the 
fermentor before the fermentation liquor is sent to the 
yeast separation step and the successive ethanol sepa- 
ration step, the solid substance being discharged from 
the fermentation circuit. 



By this process there is avoided that the solid mate- 
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rial reaches the yeast separator and the distillation 
plant, simultaneously as the content of fermentable 
material in the solids is very low since the concen- 
tration of fermentable material in the fermentor is 
5 maintained at a very low level, usually less than 

0.5 % by weight. The removal of the solid material can 
be carried out by any straining device or similar 
equipment. Since the stream of fermentation liquor, 
which due to an ethanol content in the range of 3-7 % 

10 by weight necessarily must be large, a substantial part 
of the fermentation liquor will accompany the fibre 
phase if a rapid and efficient straining is to be car- 
ried out for example by means of a bow sieve. The li- 
quor that accompanies the solid material will thus con- 

15 tain considerable amounts of yeast and ethanol. 

According to a preferred embodiment of the invention, 
the rejected solids from said draining step are there- 
fore washed with recirculated stillage in such an 

20 amount that a dilution of about 3-4 times is obtained. 
Then the wash liquor is separated off from the solid 
material in a suitable device, such as a centrifugal 
sieve, and is returned to the fermentor. Thereby. the 
major parts of the remaining yeast and ethanol are 

25 washed out. 

For the washing step also part of or all of the requi- 
red process water input can be used. If for example the 
raw material is a grain product, the process water is 

30 usually added in the so called "mashing in step" and 

also in the form of direct steam in a successive hydro- 
lysis step. Since this process water wholly or partly 
can be replaced by recirculated stillage, it is- reali- 
zed that the input of water to other parts of the 

35 process, in the present case to the washing step, will 
not effect on the total amount of water fed to the 
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process. 

The solid substance stream strained off after the 

' ' - 

washing step and having a dry substance content in 
5 the range of 25-35 % by weight will still contain a 

slight amount of ethanol. Therefore , there is sugges- 
ed as a further preferred embodiment of the invention 
that the strained solid stream is subjected to further 
dewatering, for example by means of a press device , 
10 whereat something like half of the remaining ethanol 
can be pressed out with the press water and returned 
to the fermentor, while a press mass of a dry sub- 
stance content of about 40 % can be discharged from 
tfce process. 

15 

By discharging the solid material from the process cir- 
cuit before the yeast separation step and the distilla- 
tion step, the possibilities to achieve a maximum con- 
centration in the stillage discharged from the distilla- 

20 tion step are improved. If the distillation step is de- 
signed according to the above said Swedish patent app- 
lication 7901738-0 that is taking out a stillage stream 
at an intermediate level for recirculation and dis- 
charging stillage from the bottom of a stripping sec- 

25 tion, the present invention makes possible the produc- 
tion of -a still more concentrated stillage stream from 
the stripper than before* If the solid material is 
passed through the yeast separating step or is drained 
off prior to the yeast separation step and rejoined 

30 with the feed to the stripper, the fluidity may be re- 
duced in the bottom of the stripper so that the maximum 
upper dry maximum concentration of non-fermentable ma- 
terial in the fermentor cannot *be fully utilized. The- 
refore, by separating off the solid material between 

35 the fermentor and. the yeast separation step according 
to the invention, the limit for the dry. substance con- 
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tent in the discharged s tillage can be further raised 
to the range of 35-45 % by weight and the process 



5 For efficient recovery of all waste products at the 

process according to the invention, it is further sug- 
gested that the concentrated s tillage from the. distil- 
. lation step is joined .with the removed solid material, 
whereafter the mixture, is dried in suitably an indi— 

10 rect heated drying plant. The steam dried off in the 

drying plant is reused in the process for heating pur- 
pose such as heating a stripping unit or a successive 
rectifying unit, whereat also thermocompression can be 
used to raise the energy level of the steam. Further 

15 example of reusing the drying steam is as a heat 

source and process water in the substrate preparation 
step. As an alternative to thermo-compression, the 
drying can be carried out under overpressure so that 
drying steam of higher energy level is obtained di- 

20 rectly. 

The invention will now be further described by means 
of a preferred embodiment of the same, whereat it is 
referred to the accompanied drawing showing a flow 
25 shart of a continuous ethanol fermentation process 
according to the invention. 

A raw material stream 1 of suitable fine divided form, 
such as crushed corn, is fed to a substrate prepara- 

30 tion step 2 comprising. a liquif ication step and a sac- 
charifying is fed to one part through a stream 3 of 
pure water and to another part through a stream 4 of 
recirculated stillage from the 'distillation step 5. 
From the substrate preparation ste.p 2 the substrate 

35 stream 6 is fed into the fermentor 7, in which steady- 
state concentrations are maintained, the ethanol con- 



water input can be further reduced. 
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centration being in the range of. 3-7 % by weight and 
the concentration, of fermentable substance being low, 
preferably less than 0.5 % by weight. From the fer- 
mentor a carbon dioxide stream 8 is continuously dis- 
5 charged. 

From the fermentor a stream of fermentation liquor 9 is 
withdrawn. From the stream 9 fibres and other solid 
material are strained off in a strain device 10, from 

10 which a stream 11 of rejected material and a stream 12 
impoverished of solid material are discharged. The 
stream 12 of fermentation liquor is conveyed to a cen- 
trifugal separator 13, from which there are discharged 
a. .heavier yeast suspension phase 14 which is recircula- 

15 ted to the fermentor 7 and a lighter essentially yeast- 
free phase 15 which is conveyed to the distillation 
unit 5. Before that the yeast-free stream 15 is heat 
exchanged in a heat exchanger 16 with a recirculated 
stillage stream 17 from the distillation unit 5. 

20 

The distillation unit 5 is divided into an evaporator 
unit 18 and a stripping unit 19. The yeast-free stream 
of fermentation liquor 15 is fed to the evaporator unit 

18, discharging from the top of which ethanol enriched 
25 vapours which may be conveyed to an eventually succes- 
sive rectifying step. From the bottom of the evapora- 
tor unit 18. representing an intermediate distilla- 
tion level in the distillation unit 5, a stillage 
stream 20 is discharged, a larger part of which is , 

30 recirculated in the form of said stillage stream 17 
to the fermentation circuit and a smaller part 21 is 
fed to the stripping unit 19. From the stripping unit 

19, which is indirect heated through. 22, an over- 
head vapour stream 23 is discharged, which also contains 

35 the remaining ethanol of the stillage stream 21. The 
vapour stream 23 is fed .to the evaporator unit 18 as 



\ 

8 



PCT/SE82/00369 



direct heating medium* From the bottom of the stripping 
unit 19 a concentrated stillage stream 14 is discharged, 
the concentration of which, due to the elimination of 
solid material before the distillation step according 
5 to the invention, may reach a dry substance content 

exceeding 30 % by weight, in some cases even exceeding 
35 % by weight* The reject stream 11- from the strai- 
ning device 10; is conveyed to a- further straining step 
25 being for example a centrifugal sieve device, in 

10 which the reject stream" is simultaneously diluted and 
washed with a stream 26, which is part of the recir- 
culated stillage stream 17 after having been subjected 
to cooling in heat exchanger 16 and eventually further 
cooling in heat exchanger 27. In the straining device 

15 25 a major part of the washing liquor is separated off 
and returned through 29 to the fermentor 7. The solid 
material strained off and having a dry substance con- 
tent of for example the range 25-35 % by weight, is 
conveyed through 30 to a press device 31, in which 

20 a large part of the remaining liquor is pressed off 
and returned through 32 to the fermentor. The re- 
maining press mass, now having a dry substance con- 
tent of about 40 % by weight or higher, is discharged 
through 33, mixed with the stillage stream 24 and fed 

25 to a drying plant 34. From the drying plant 34 a 

dried product 35 is discharged, which can be utilized 
as animal feed stuff and having a protein content 
which may amount to about 30 % by weight. 

30 As alternative washing liquor at the straining step 
25 also pure water supplied to the process can be 
used, which in the figure has been shown by line 37. 
From the figure it can further be seen that the' re- 
circulated stillage stream 17 can be returned at 

35 different points and in various portions in the pro- 
cess circuit. As to stillage recirculation, in addi- 



9 



PCT/SE82/00369 



tion to said streams 26 , i.e. washing liquor at the 
straining step 25, and the stream 4 for substrate 
preparation, stillage can of course be recirculated 
directly to the fermentor 7, which is shown by line 38. 

5 

In the specification and patent claims the term "solid 
substance" has been used for solid material of such 
a size that permits straining off by means of conven- 
tional straining devices. In this context it should 

10 be mentioned that distinct borders can hardly be drawn 
between particulate or fibrous substances, suspended 
finer material, colloidal material etc. The recircu- 
lated yeast fraction contains for example suspended 
yeast cells, and the other "yeast-free" and streams 

15 poor in "solid material" contain verious amounts of 
i.e. fine suspended and colloidal proteins. Besides 
these protein aggregates are subjected to a certain 
modification when passing through the distillation 
step. By being subjected to heat therein, coagulation 

20 occurs and larger aggregates are formed. When these 
larger aggregates through the recirculated stillage 
stream once again reach the straining step 10 and 25, 
their tendency to stay in the reject phase has in- 
creased, and consequently the process according to 

25 the invention also implies that the stripping unit is 
unloaded from part of these viscosity increasing 
aggregates, while still these for feeding purpose 
desirable proteins are recovered through remixing 
the sieve reject with stillage concentrate from the 

30 stripping unit. 
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Claims 

1. A process for the production of ethanol by continuous 
fermentation of a carbohydrate containing substrate (6) 
of a raw material which contains fermentable substance 

as well as non-fermentable soluble and solid substance, 
5 wherein the substrate after eventually having been 

treated" in a substrate preparation step (2) comprising . 
for example hydrolysis of the raw material, is fermented 
in a fermentor (7) , comprised in a continuous process 
circuit including the fermentor (7) , a yeast separation 

10 step (13) and a distillation step (5) , a stream (9) of 
fermentation liquor is continuously withdrawn from the 
fermentor (7) and separated in said yeast separation .step 
(13) into a yeast concentrate stream (14) , which is con- 
tinuously recirculated to the fermentor to maintain in 

15 the fermentor a concentration of active yeast cells corre- 
sponding to a certain ethanol productivity, and into an 
essentially yeast free stream (15) , said yeast free stream 
(15) is continuously separated in said distillation step 
into an ethanol enriched stream (19a) , which is discharged 

20 from the process circuit, and into at least one stillage 
stream (24, 17), part of said stillage stream (17-) being 
continuously recirculated to the fermentor and/or to said 
substrate preparation step and the remaining part of said 
stillage' stream (24) being discharged from the process 

25 circuit, characterized in that the sub- 
strate fed to the fermentor contains said solid substance, 
and that said stream of fermentation liquor (9) is sepa- 
rated into a stream (11) enriched in solid substance, 
which is discharged from said process circuit, and into 

30 a solid impoverished stream (12) which is fed to said 
yeast separation step (13) . 

2. The process of claim 1, characterized in 
that said stream (11) enriched in solid substance is 
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washed by a stillage stream (26) which is recirculated 
in the. process circuit and having been cooled, e.g. 
through.. .heat exchange with said yeast-free flow (15) , to 
a temperature not harmful to the yeast cells which re- 
5 main in said stream enriched in solid substance, and/or 
with part of the required water input (37) to the pro-, 
cess circuit, whereafter the washed solid substance is 
separated e.g. in a straining step (25) into an essen- 
tially 'yeast-free solid substance stream (30) , which is 
10 discharged, and a wash liquor stream (29), which is re- 
turned" to the f ermentor . 

3. A process according to claim 2, characte- 
rized in that said stream enriched in solid sub- 
stance (11) is washed with at least part of a first 

15 stillage stream (17) , which is withdrawn from an inter- 
mediate distillation level in the distillation step (5) 
and recirculated into said process circuit, and that a 
second,, stillage stream (24) of higher dry substance than 
said first stillage stream (17) is discharged as a bottom 

20 product from said distillation step (5) and removed from 
said process circuit.. 

4. A process according to any of the preceding claims, 
characterized in that said yeast-free 
solid substance stream (30) is subjected to further con- 

25 centrating, e.g. in a pressing step (31) , thereat being 
separated into a concentrate stream (33) and a liquor 
stream (32) which is returned to said process circuit, 
suitably to the f ermentor (7) 

5. A process according to any of the preceding claims, 
30 characterized in that a first stillage 

stream (17) is discharged at an intermediate distilla- 
tion level in the distillation step (5) and recirculated 
in said process, and that a second stillage stream (24) 
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with a dry substance content of more than 35 % by weight 
is discharged as bottom product from said distillation 
step (5.). and is removed from said process circuit. 

6- A process according to any of the preceding claims, 
5 characterized in that said yeast-free 
solid substance stream (30) or said concentrate stream 

(33) is dried in a drying step (34) together with a 

s tillage stream (24) discharged as a bottom product in 
the distillation step (5) to obtain a dried product 
10 (35) usable as feed stuff. 

7. A process according to claim 6, characte- 
rized in that steam produced in the drying step 

(34) is used after eventual thermo-compression as a 
heating medium in said process circuit, for example as 

15 heating medium in the distillation step (5) and/or in 
the substrate preparation step (2) . 
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AMENDED CLAIMS 

[received by the International Bureau on 08 April 1983 (08.04.83); 
original claims 1 to 7 cancelled; new claims J- to 6 follow] 

1- A process for the production of ethanol by continu- 
ous fermentation, of a carbohydrate containing substrate 
5 (6) of a raw material which contains fermentable sub- 
stance as well as non-fermentable soluble and solid 
substance, wherein the. substrate after eventually ha- 
ving been treated in a substrate preparation step (2) 
comprising for example hydrolysis of the raw material, 
10 is fermented in a fermentor (7) , comprised in a conti- 
nuous process circuit including the fermentor (7), a 
yeast separation step (13) and a distillation step (5) , 
a stream (9) of fermentation liquor is continuously 
withdrawn from the fermentor (7) and separated in said 
15 yeast separation step (13) into a yeast concentrate 

stream (14), which is continuously recirculated to the 
fermentor to maintain in the fermentor a concentration 
of active yeast cells corresponding to a certain etha- 
nol productivity, and into an essentially yeast free 

20 stream (15), said yeast free stream (15) is continuous- 
ly separated in said distillation step into an ethanol 
enriched stream (19a) , which is discharged from the 
process circuit, and into at least one stillage stream 
(24, 17) , part of said stillage stream (17) being con- 

25 tinuously recirculated to the fermentor and/or to said 
substrate preparation step and the remaining part of 
said stillage stream (24) being discharged from the pro- 
cess circuit, characterized in. that 
the substrate fed to the fermentor contains said solid 

30 substance, and that said stream of fermentation liquor 
(9) is separated into a stream (11) enriched in solid 
substance and into a solid impoverished stream (12) 
which is fed to said yeast separation step (13) , that 
said stream (11) enriched in solid substance is washed 

35 - by a stillage stream (26) wtiich is recirculated in the 




WO 83/01627 



PCT/SE82/00369 



20 



25 



-14- 



process circuit and having been cooled, e.g. through 
heat exchange with said yeast- free flow (15) , to a tem- 
perature not harmful to the yeast cells which remain 
in said stream enriched in solid substance, and/or with 
5 part of the required water input (37) to the process 
circuit , whereafter the washed solid substance is se- 
parated e.g. in a straining step (25) into an essen- 
tially yeast- free solid substance stream (30) , which 
is discharged, and a wash liquor stream (29), which is 
10 returned to the fermentor, 

2. A process according to claim 1 # charac- 
terized in that said stream enriched in so- 
lid substance (11) is washed with at least part of a 

15 first s tillage stream (17) , which is withdrawn from 

an intermediate distillation level in the distillation 
step (5) and recirculated into said process circuit, 
and that a second stillage stream (24) of higher dry 
substance than said first stillage stream (17) is dis- 
charged as a bottom product from said distillation 
step (5) and removed from said process circuit. 

3. A process according to any of the preceding claims, 
characterized in that said yeast-free 
solid substance stream (30) is subjected to further con- 
centrating, e.g. in a pressing step (31), thereat being 
separated into a concentrate stream (33) and a liquor 
stream (32) which is returned to said process circuit, 
suitably to the fermentor (7) . 

30 

4. A process according to any of the preceding claims, 
characterized, in that a first stillage 
stream (17) is discharged at an intermediate distilla- 
tion level in the distillation step (5) and recircula- 

35 ted in said process, and that a second stillage stream 
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(24) with a dry substance content of more than 35 % by 
weight is discharged as bottom product from said dis- 
tillation step (5) and is removed from said process 
circuit. 

5 

5. A process according to any of the preceding claims, 
characterized in that said yeast-free 
solid substance stream (30) or said concentrate stream 

(33) is dried. 1 in a drying step (34) together with a 

10 stallage stream (24) discharged as a bottom product in 
the distillation step (5) to obtain a dried product 
(35) usable as feed stuff. 

6. A process according to claim 5, characte- 
15 r i z e d in that steam produced in the drying step 

(34) is used after eventual thermo-compression as a 
heating medium in said process circuit, for example as 
heating medium in the distillation step (5) and/or in 
the substrate preparation step (2) • 
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